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Abstract
In this work, pure silica SBA-15 was synthesized by a sol–gel method and in-situ functionalized
by a series of organosilane. These mesoporous materials are used to absorb polluants from
wastewater. We studied the influence of functional groups on adsorption of phenol drifts. The
carboxylic acid groups and substituted chlorine on phenol have been studied. There is a sharp
increase of adsorption (more than double compared to phenol) which is very encouraging.
Furthermore we note that the percentage of grafted ligands also plays an important role in
adsorption. Finally, the adsorption capacity also depends on the nature and percentage of ligands
present.
Keywords: Type your keywords here, separated by semicolons ;
1. Introduction
Due to the increasing population growth, water needs and human activities, the water cycle is
disrupted. It became therefore necessary to act to preserve water resources, so that quality water
would be available to all mankind.
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The increase in demand for water has led to the development of new methods of wastewater
treatment such as: Ion Exchange; Membrane processes; Solvent Extraction; incineration,
adsorption.
Adsorption on organic or inorganic materials (porous materials, Activated carbon, coal, clay )
which is a physical attachment of molecules on the surface of a solid  is used to "remove"
undesirable molecules from water.
Since 1992, the preparation of mesostructured silica has opened a wide field of applications.
Mesoporous silica have large surface areas and large uniform pores. On the other hand, the
surface of these materials can be modified by functionalization of the walls by organic groups to
have the properties necessary to achieve adsorption.
Mesoporous silica is a recent development in nanotechnology. The most common types of
mesoporous nanoparticles are MCM-41 and SBA-15. However, their applications in adsorption
require modification of the internal surface of the mesoporous materials using several strategies
to assign specific properties and reactivity. Among these strategies, surface functionalization
In our work, pure silica SBA-15 was synthesized by a sol–gel method and in-situ functionalized
by a series of organosilane, then we have interested to study the adsorption of various phenol
drifts separately: over SBA-15 adsorbents before and after surfactant extraction.
2. Experimental Section
2.1. Syntheses procedures
Pure silica SBA-15 was synthesized by a sol–gel method by using Pluronic 123 triblock-
copolymer according to the bibliography [1]. 4 g of Pluronic 123 were dissolved at 40 °C in 30 g
H2O and 120 g HCl 2M. 9.5 g TEOS were added to the solution that was stirred for 45 min
before adding the corresponding organosilane precursor. In general for each organosilane
precursor 3 molar ratios were used in order to obtain a TEOS/organosilane molar ratio of 20, 25
and 30 in the synthesis medium. After the addition of the organosilane precursor to this solution
the synthesis was carried out by stirring at 40 °C for 30 min. The resulting gel was aged at 40 °C
for 24 h and finally heated to 100 °C for 24 h. Solid product was recovered by filtration and the
template was extracted with ethanol (140mL per gram of solid) under reflux for 24 h and solid
was filtered and dried at 40 °C over night.
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The organoalkoxysilanes selected for the functionalization process are  presented in Table 1.
Table 1: Characteristics of adsorbents used
Sample Organic radical
Chemical formula of
organoalkoxysilanes % (N/SiO2)
/,.>1ĭ@2 N-Propyl aniline [C6H5-NH-(CH2)3-Si(OCH3)3] 4,85
LIK16 [NNN]3 Diethylentriaminopropyl [H2N-(CH2)2-NH-(CH2)2-NH-(CH2)3-Si(OCH3)3] 3,52
LIK19 [N]3 3-Aminopropyl [H2N-(CH2)3-Si(OCH3)3] 2,44
The organic pollutants used for sorption tests are phenol (purchased from Aldrich), 4-
chlorophenol (purchased from Fluka), salicylic acid (purchased from Prolabo). Characteristics
of pollutant are listed in table 1.
Table 2: Characteristics of pollutant
Phenol Salicylic Acid 4 chlorophenol
pKa 9.89 2.97 9.18
Solubility in
water(g.L-1)
87 2 27
3. Results and Discussion
3.1. Influence of the ligand nature on the adsorption  of chlorophenol
Influence of the ligand nature on the adsorption capacity of phenol drifts was studied, various
experiments were carried out using SBA-15 as an adsorbent with different ligands whose
properties are presented in table 1 .
The results of adsorption of 4-chlorophenol over these materials are presented in figure 1 .
This results show a large difference in adsorption capacities over these different materials, where
the adsorption is better over the solid LiK19. The order of adsorption capacities:
LiK19>LiK16>LiK11.
The same results were obtained for phenol and salicylic acid.
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Figure 1: Influence of the ligand nature on the adsorption  of chlorophenol
These results are correlated with the report N/SiO2 (Table 1). For that we have represented the
adsorption capacities of 4-Chlorophenol according to the N/SiO2 ratio of the adsorbent (Figure
2).
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Fig 2:Adsorption capacity of 4-chlorophenol according to the ratio N/SiO2 of LIK19, LIK16
and LIK11.
There is a good correlation between the amount of phenol adsorbed and the N/SiO2 ratio of the
ligand. Where an increase in 4-chlorophenol adsorption capacity was observed for the solid
whose ratio N/SiO2 is low, because the presence of amine functions promotes interactions with
water molecules, on other hand these results can be explained also by the behaviour of the more
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basic N materials, compared to NNN and Nĭ7KHVHUHVXOWVDUHFRQVLVWHQWZLWKWKRVHREWDLQHG
by Khalid et al [2].
3.2. Adsorption of phenol drifts over SBA-15 adsorbents
After studying the adsorption of various phenol drifts separately, we have interested to compare
the influence of the group substituent on the evolution of the adsorption capacity of materials.
Figure 3 represents the  isotherms of adsorption for different compounds, The results show a
difference in adsorption between the different drifts studied where the lowest adsorption capacity
was obtained for the more soluble compounds, the order of adsorption obtained: salicylic acid §
4-chlorophenol >Phenol.
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Figure 3: Adsorption isotherms obtained on LiK19 for (Ÿ6DOLF\OLFDFLGƇ&KORURSKHQRO
(Ŷ3KHQol.
Similar results were obtained by Koubaissy et al [3] during the study of phenol drifts adsorption
over a faujasite zeolite where he showed that the solubility is a main factor in adsorption for
compounds present in neutral form in aqueous solution.
,Q DGGLWLRQ VLPLODU UHVXOWVZHUH REWDLQHG RYHU WKH DGVRUEHQW1 DQG WKH VROLG1ĭ DQG LWZDV
noted that the adsorption capacities are very similar between salicylic acid and 4-chlorophenol,
at high concentrations, these results can be explained by  the lower salicylic acid pka (2)
compared with 4-chlorophenol (8). It means that the proportion of salicylic acid ionized form is
more important than that of 4-chlorophenol in this condition, and it is known that ionized forms
are more difficult adsorbed than neutral forms on solid silica-based (Parida et al [4]).
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4. Conclusion
The adsorption of phenols was carried out over several solid functionnalized with nitrogen.  In
first time we studied the influence of the ligand nature on adsorption where an increase in
phenols adsorption capacity was observed for the solid whose ratio N/SiO2 is low. Also, the
adsorption capacity is dependent on the pollutant solubility in water and the pKa of pollutant.
The lower the solubility of the compound, the more important the adsorption
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